SUMMARY In 15 patients with spastic hemiparesis the development of tension of calf muscles in relation to their electrical activation and their stretching period was studied on both sides during locomotion. Only in the spastic leg did isolated small biphasic potentials appear in the gastrocnemius E.M.G. with monosynaptic latency at the beginning of the stance phase, while the remaining gastrocnemius activation was reduced compared to the unaffected side. Perturbations of gait were followed in the spastic leg by a large monosynaptic response, while the polysynaptic reflex response was reduced. In the unaffected leg only a strong polysynaptic response appeared, which suggests a reciprocal modulation of monosynaptic and polysynaptic reflex responses. Tension development paralleled the gastrocnemius E.M.G. in the unaffected leg, while in the spastic leg tension was more closely correlated to muscle stretch. It is concluded that in spasticity the exaggerated monosynaptic reflexes represent only a small part of leg extensor activation during gait and that the tension development does not depend on these reflexes. Exaggerated activity of a (a-spasticity) and y-motoneurons (y-spasticity) is the most accepted hypothesis for muscle hypertonia in spasticity.'
Exaggerated activity of a (a-spasticity) and y-motoneurons (y-spasticity) is the most accepted hypothesis for muscle hypertonia in spasticity.'
However, a study of the active complex movements which are most impaired by muscle hypertonia, could not be found either in the older literature2 or in the more recent reports.3-It has been proposed that changes of mechanical muscle fibre properties contribute to muscle hypertonia. 45 While earlier papers were concerned with the activity pattern of the spastic leg muscles during gait, no information about quick compensatory movements following disturbances of gait, and only indirect evidence for the generation of the abnormal tension development, was available.
The aim of this study was to analyse the activity and functional significance of mono-and polysynaptic reflexes during normal and disturbed gait, and to evaluate their contribution to the development of tension in the triceps surae to compensate for body load after impact. Hemiparetic patients were selected for this study in order to compare the unaffected leg with the spastic one of the same subject.
Methods
Fifteen patients with spastic hemiparesis were studied during slow gait ( 1-5 to 2 5 km/h) on a treadmill. Eleven of the patients suffered from a unilateral ischaemic infarction, while in the remainder had different causes (encephalitis 2, tumour 1, and trauma 1). The age of the patients ranged from 39 to 74 years (mean 54 years). The 
1030
The gauge was fixed laterally near the tendon, while the tendon was pressed against the force-measuring branch by a metal frame from the contralateral side. The proportion of tension measured by the strain gauge amounted to about 3 % of the total tension acting on the Achilles tendon and it increased in healthy subjects linearly with the gastrocnemius E.M.G.
Three patients were randomly displaced at distinct phases of the step cycle (in most cases at heel contact). For this, a step change of treadmill velocity (for example 1-5 km/h to 7-5 km/h in 100 ms) was induced. For comparison, such an acceleration impulse was also applied in a standing position on the treadmill (0 to 6 km/h in 100 ms). Berger, Horstmann, Dietz unaffected side. However, the stretch of the triceps surae during the passive dorsiflexion of the foot was not connected with an additional increase of gastrocnemius E.M.G. Except for a large synchronised E.M.G. peak, which appeared just after ground contact by the ball of the foot, that is at the onset of muscle stretch, the gastrocnemius activation remained on about the same level during the whole stretching period. The maximal gastrocnemius activation was reduced to about half of normal strength. In the individual histograms, the reduction of E.M.G. strength was correlated with the severity of paresis in each patient. In a few patients, as well as the gastrocnemius, the soleus and tibialis posterior-E.M.G.s were recorded. They showed, however, no essential difference from the gastrocnemius activation. The tension development closely paralleled the ankle joint movement through the whole stance phase, while the synchronised E.M.G. peak was not reflected in the tension trace. During the swing phase, the foot was only a little dorsiflexed despite the tibialis anterior activation and the gastrocnemius was already activated before ground contact (as seen in healthy subjects during tip toeing).
Perturbation of gait Figure 2 shows the different compensatory reactions of both legs to a treadmill acceleration during gait and when standing still. To demonstrate the consistency of the responses, several single raw E.M.G. traces were displayed with a higher resolution. The treadmill acceleration caused a quick dorsiflexion of the foot which resulted in a stretching velocity of 250(300°/s (calculated from the goniometer trace). When the acceleration was induced during gait at heel contact of the unaffected leg (fig 2a) trocnemius activation in the spastic leg the increase in tension at the Achilles tendon was the same on both sides. However, on the unaffected side the peak-tension was connected with the maximal E.M.G. amplitude while on the spastic leg it was connected with the maximal passive dorsiflexion of the foot, that is stretch of triceps surae.
Discussion
On the basis of the results two aspects will be discus- Tension development There is no obvious connection between the exaggerated monosynaptic reflexes and muscle hypertonia in spasticity, as has been assumed since Romberg.'2 The tension development of the leg extensor muscles to support the body weight occurs with the stretching of the slightly tonically activated triceps surae, while it normally depends on the electrical muscle activation. The exaggerated monosynaptic reflexes obviously do not contribute much to muscle tension. Therefore, muscle hypertonia cannot be explained by enhanced motoneuron activity, but is probably due, as was recently suggested,4 5 to behavioural changes of lower motor unit activity resulting from the impaired supraspinal input, with consequent changes in mechanical muscle fibre properties.
